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PRIORITY INTERRUPT CARD 



The 7320 is a universal, 8-tnput, Priority Interrupt 
Controller for TTL-compatible interrupt requests 
originating in the same card rack. The card accepts 
interrupt requests from other cards, prioritizes them, 
and generates a single interrupt request to the 
system microprocessor card. Polled interrupts, 
8080-family RESTART instructions, and high-speed 
single-byte vectored interrupts are all supported 
with automatic resetting of the interrupt request 
latches to minimize program service time. 

A card level priority system allows 7320s to be 
cascaded at the user interface connector or across 
the STD BUS priority chain. Hysteresis buffers, 
edge-sensitive latches, and interrupt system freeze 
circuitry are combined to provide error-free 
operation. 

FEATURES 

• Eight, Prioritized, Edge-sensitive Inputs 

• Program Control of Interrupt Polling, Masking, 
and Clearing 

• Programmable Priority Chain Participation 

• Universal: 1 -byte Vector PROM Socket for Z80 
(Mode 2) and 2650 RESTART generator for 8085 
and 280 (Mode 0) 

Polled Mode for 6800 Family and Others 

• Automatic Latch Clearing for Minimized Service 
Routine 
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B. INTRODUCTION TO INTERRUPT SYSTEMS 
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INTERRUPT: To pre-empt a process In such a way that it can be 
resumed; ... a function which, by reason 
of pre-established priority, is able to seize the 
process in progress and cause to be performed a 
process of higher priority. 

(IEEE Standard Dictionary) 

Interrupt is a time-oriented function that allows the processor to take 
action outside of its normal sequence of operations with little or no 
decision making on its part. The interrupt request signal, if enabled 
by the processor's program, is able to override the program instruction 
flow and force a jump to a different set of instructions. It is essential 
that the processor be able to resume its previous activity once the 
interrupt function is complete, without any alteration in the original 
function except the passage of time. • 

Interrupt systems have been used to perform the following kinds of 
operations, among others: 

a. Servicing asynchronous , unpredictable events without using 
program overhead to test for the event . 

b. Sequencing complex, multifunction programs in an orderly 
fashion (e.g. timesharing a processor system among several 
users, or providing a time interval to step multitasking 
real-time software along). 

c. Simplifying program design by moving some decision-making 
from software to the interrupt hardware. 

d. Shortening the processor's reaction time to an external 
event and improving time resolution in fast control systems. 

Since the need to implement an interrupt system is usually based on a 
shortage of available processing time, the interrupt scheme generally must 
minimize the response time required to service an interruot request. An 
ideal scheme would require no program overhead to prepare the processor 
for the interrupt; would perform the interrupt without alterinq any of the 
interrupted program's data, including the content of registers, memory, 
and I/O ports; and would restore the processor to its pre- i nterrupt con- 
dition in zero time once the interrupt was completed. Naturally some time 
is required for these functions in real microprocessors, but the time 
expenditure is quite small with most microprocessor types. 
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Kinds of Interrupt Systems 

Microprocessor chips are limited in the number of signals that can flow in 
and out of the ci rcui t because of a limited number of pins on the chip's 
package. 40-pin chips typically dedicate 2 to 6 pins to the interrupt 
function. An application with more interrupting devices than the processor 
has interrupt request pins will require some form of communi cat ion between 
the requestor and the processor. The identifying information passing from 
the requestor to the processor is called the vector because it provides a 
direction for program flow. The vector's nature defines the kind of 
interrupt system being implemented, as follows: 

Implied Vector Interrupts . In the simplest case, there are few enough external 
interrupt-caus ing devices in the system that a different interrupt request 
pin on the processor chip can be dedicated to each requestor. When a par- 
ticular input has an active request, the processor can go directly to the 
interrupt service routine written for the specific device causing the 
interrupt. No further decision-making or information exchange i s necessary 
tcu*i.dentify the requestor. 

Processor chip interrupt pins with Implied Vector characteristics always go 
to the same specific memory address when that input is active. The processor 
does not attempt to read a vector code from the interrupting device. The 
table in Figure 2 s hows the Implied Vector address for several orocessors 
with this type of input. 
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PROCESSOR TYPE 


INTERRUPT NAME 


IMPLIED VECTOR 
ADDRESS (HEX) 


8048 


1 NT* 


003 


8085 


• TRAP 
5.5 
6.5 
7.5 


002*4 
002C 
003^ 
003c 


| Z80 

i 


NMI* 

INT' 1 ' (mode 1) 


0066 
0038 



o 



-Low level active 



FIGURE 2: IMPLIED VECTOR ADDRESSES 



Figure 3 shows a conceptual diagram of an STD BUS processor system which uses 
Implied Vector Interrupts. In this case the various interrupt request -pins 
are each driven by only one requesting device. Thus, when an interrupt 
occurs there can be no doubt as to which dev-ice caused it* The processor 
is forced to a different memory address in each case. 
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FIGURE 3: CONCEPTUAL DIAGRAM OF STD BUS SYSTEM: IMPLIED VECTORS 
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Supplied Vector Interrupts In this type of interrupt system, multiple devices 
can all drive the same interrupt request pin on the processor chip. When the 
processor responds to the interrupt, it issues the Interrupt Acknowledge signal 
(INTAK*) or a combination of signals from which INTAK* can be derived. INTAK* 
causes the interrupting device to supply an identifying code (vector) to the 
processor. 

Depending on the microprocessor type, and the particular mode of interrupt 
operation; the vector code can be a full or partial memory address employing 
direct, indirect, or relative addressing which the processor uses to find the 
start of the proper interrupt service routine; 0£ the vector can be an instruct ion 
to be executed out of sequence (see 8080-Family Considerations). Since the 
identifying vector code is supplied by the interrupting device itself (or by a 
Priority Interrupt Controller, such as the Pro-Log 7320), the processsor expends 
little or no time identifying the requestor. 

In the implementation of Supplied Vector interrupts, the INTAK* signal itself 
is used as a "read memory" strobe which causes the vector memory (RAM, ROM, 
PROM, switch register, etc.) to place the vector code onto the system data bus. 
The Supplied Vector system clearly depends on the generation of an INTAK* signal 
to inhibit the processors' s main memory and to read the vector memory. Supplied 
Vector interrupt systems for several microprocessor types are summarized in 
Figures k and 5. 
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PROCESSOR TYPE 


INTERRUPT 


NAME 


VECTOR DESCRIPTION 


COMMENT 


8080 


INT 




Any 1,2, 3"byte 
instruction. See 
8080-family consid- 
erations. 


Processor generates one 
INTAK* pulse for each byte 
of multibyte instructions. 


8085 


INTR 


Z80 


INT'- (mode 


0) 


Any 1 ,2,3,^-byte 
instruction. See 8080- 


Generates INTAK- only on 
opcode of instruction. 


■ family considerations 


Z80 


INT'- (mode 


2) 


1-byte vector is low 

1 order ind i rect 
address for impl ied 
jump- to-subrout ing 
instruct ion: internal 
interrupt register 
suppl ies the high 
order byte providing 

k a 16 bit address 


Generates one INTAK- pulse 


r»30O/02/O8/O9 


1 RQ* 
NMI * 
FIRQ* (6809) 


Vector stored in 2 
speci fie addresses 
per interrupt input. 


Reads from 2 sequential 
locations in page FF 
of memory. 


2650 

. ■ 


1 NTREQ 


1-byte vector is 
relative offset for 
memory page 00 table. 


Generates one INTAK*pulse 

i 
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FIGURE k: SUPPLIED VECTOR INTERRUPT SUMMARY 

Figure 5 shows how the INTAK- signal is generated by the processors in 
Figure 4: 
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PROCESSOR TYPE | 


SOURCE OF INTAK 


" 


8080 


Directly available from Processor Status Word 
latch, which is a standard support component 
in 8080 systems. 


8085 


Available at a processor chip pin 


Z80 


The Ml* signal is ANDed with the I0RQ* signal 
external to the processor chip. 


6800/02/08 


Address decoder 

external to the processor chip. 




6809 


The BA signal is ANDed with the BS signal external 
to the processor chip. 


2650 


Available at a processor chip pin. 





FIGURE 5: 
SUMMARY OF INTERRUPT ACKNOWLEDGE .(INTAK*) GENERATION 
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80 80-FamiW Considerations : The 8080, 8085, and Z80 (mode 0) .nterrup t> 
systems all allow the processor to read and execute an out-of-sequence piior no , 
from the data bus when responding to an interrupt. As noted in Figure 4, IN ■ 
reads thi s i nstruction into the processor via the data bus._ The processor is- ue, 
INTAKsUn place of the normal "read memory" signal comb. nation, so the proce — - 
main memory is disabled during INTAKt 

The instruction read into the processor can be any 1, 2 3, or (Z80 only) Jj-byU 
instruction in the instruction set. If this happens to be any type of JUMP 
Instruction, the processor is vectored to a specific memory address. Alternately 
any logical, arithmetic, or machine control instruction (such as increment 
a register or memory, halt, etc.) could be executed. 

A special set of RESTART instructions are provided. These are 1-byte implied- 
address subroutine jump instructions 

With RESTART instructions, however, only 8 interrupt ^"i™*™*™* * 

without additional polling by the program. Note that the RESTART 
instructions are limited to eight specific memory locations ( hex 0000, 0008, 
0010, 0018, 0020, 0028, 0030, and 0038). For unlimited vector. ng anywhere in 
memory, the multibyte jump instructions are required. 

System Example 

Figure 6 shows a conceptual diagram of an STD BUS system using *?<>J£*'' K ™ r 

^ The Priority interrupt card latches the interrupt requests from ">• "ART. to 

vecror IT, device which supplies the highest active priority vector code 
to the processor via the Data Bus during INTAK«. 
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c . Polled Interrupt System 

Polled interrupts represent the "computed vector" approach to interrupt 
systems, in contrast to Implied Vector or Supplied Vector systems which 
are predominately hardware-controlled when responding to an interrupt. 

Polled interrupt systems replace most of the interrupt hardware with programmed 
instruction sequences which determine the source of the interrupt via input 
ports and perform other logical operations, such as the assignment and arbitration 
of priority. The vector is fetched or generated by the program as a result of 
these operations, generally from a lookup table where the start addresses of the 
various device service routines are stored. 

In interrupt polling, multiple devices drive the same interrupt request pin on 
the processor chip, but the processor lacks the capability to read a supplied 
vector, or that capability is not cost-effective in the application. 

For example, if several devices drive one of the Implied Vector interrupt inputs 
shown in Figure 1, the processor must be programmed to poll (read) the various 
interrupt requestors to determine which one caused the interrupt. If more 
than one is found to be active, the polling routines make decisions about 
the relative priority of the active devices and respond to them in sequence. 

Polling can be combined with vectoring to produce a flexible and cost-effective 
interrupt system. For example, the designer may wish to use the 8080-family 
RESTART instructions in a system with more than eight interrupting devices. The 
RESTART vectors produce fast response and can be implemented at low cost. Only 
a few polling instructions at each of the eight RESTART memory addresses are 
needed to make additional tests to determine which is the active requestor. Any 
spare input port lines are suitable for this function. 

In general, polled interrupts offer unlimited flexibility since any interrupt 
scheme can be implemented in software. Response time to 

the interrupt is slower (by the time required to execute the polling instructions] 
than an equivalent Supplied Vector interrupt. However, polling offers low cost, 
simplified system and program design, flexibility, and a high degree of processor- 
independent standardi zat ion in comparison with other vectored interrupt schemes. 

Figure 7 shows a simple polled interrupt system in which two UARTs and two timing 
circuits can generate a total of six interrupt request signals, each requiring 
a different service routine in the program. These signals are ORed together by 
gates on the card modules and again by wire-ORable drivers at the INTRQ* trace 
on the STD BUS backplane. The processor's INT input is activated by any of the 
six signals. When it responds to the interrupt, the processor is programmed to 
read the local input ports on each of the card modules, then determine what sit- 
uation exists in the system and what to do about it. The program vectors itself 
to the proper service routine using a combination of table lookup and indirect 
jump techniques. 
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FIGURE 7: POLLED INTERRUPT SYSTEM 
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Automatic Processor Activity at Interrupt 

Interruptable microprocessors share certain key characteristics 
which give them the ability to be interrupted. Among these are: 

1 . Instruction to enable/disable interrupt a 1 lows 

the processor to ignore the interrupt request 
signals from maskable interrupt inputs. This instruction 
is used anytime the processor is perfV .ing a time-critical 
function that shouldn't be i nt^rrunteH . 

2 . Abj 1 i _t y to complete the instruction in p rogress^ before 
responding to an enabled interrupt. The processor could 
not h,- reasonably expected to recover fro..- an instruction 
that did not completely execute prior tu response to the 
interrupt. Accord i ng 1y y processors respond to the interrupt 
only at the completion of the current instruction. Exception: 
macro-type instructions (e.g. Z8000's mul tiply, divide) are 
extremely long i terati ve-loop instructions which use other 

C5 registers for counting and memory control. These can sometimes 

be interrupted at the completion of any given loop, since 
the control registers can be saved and restored when the 
interrupt is over. 
3, Use of the subroutine stack circuitr y to save the address 
of the next instruction in the interrupted program. The 
requirements of interrupt save/restore functions are similar 
to those of subroutines, so the program instruction counter's 
content is generally saved automatically at interrupt on 
the subroutine stack. Most processors also provide instructions 
(PUSH and PULL or POP) which allow the programmer to save 
other data on the stack at interrupt. The return-from- 
interrupt function is usually just a variation on the return- 
f rom- subroutine function. 
k. Automatic disabling of DC level sens it ive in terrupt inputs 
by the processor eliminates crucial timing requirements for 
the interrupt request signal by preventing erroneous multiple 

fl interrupts from the same request. 
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The following table lists specific activity by several processors when an 
interrupt is responded to and gives other features provided for fast response 
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; PROCESSOR TYPE 


INTERRUPT ACTION 


| 8080 

i 
! 


Interrupt disabled by reset and automat i call y uDon resDonse to 
an interrupt; must execute ENI (enable interruot) before next 
interrupt can be accepted. Saves current address on the 
subroutine address stack. 

No othe r data saved automatically, but provides PUSH and 
PULL (POP) instructions for saving all internal registers. 


8085 


Identical to 8080, but has four additional interrupt inputs 
(nonmaskable TRAP and maskable 5.5, 6.5, 7.5). 

Provides RIM and SIM instructions which monitor and control 
the interrupt system. 


Z80 


Mode is identical to 808O; also gives a choice of program 
selectable moJe 1 (implied vector) or mode 2 (supplied vector). 
Resets to 8080-compatibi 1 i ty . 

Interrupt service time is improved by additional internal 
register banks. Switching banks (2 fast instructions) saves 
storing registers on stack with k to 6 long instructions. 

RTI (return from interrupt) instruction is provided to control 
serial priority chain among Z80's peripheral chips. 


6800 


Automatically stores all internal registers on the stack when 
interrupted. Also does this with WAI (wai t-for- interrupt , or 
halt instruction) so that it's ready for instant response to 
an interrupt. 

Automatically disables 1 RQ* upon response, and by reset. 


6809 


Identical to 6800, but adds FIRQ (fast interrupt request input) 
which stores only the program counter and flag register on 
the stack to provide faster response than the 6800- type 
request inputs. 

Also requires less circuitry than the 6800 to generate INTAK? 



"Low level active 
FIGURE 8: AUTOMATIC INTERRUPT ACTIVITY BY PROCESSOR TYPE 
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CHECKLISTS 

The following checklists represent problems that must be addressed to some 
extent by the designer when implementing an interrupt system. 

a . Interrupt Circuit Characteristi cs 

1. Is the microprocessor's interrupt input edge sensitive, level 
sensitive, or both? (i.e. Is the input latched or..gated?) ,. 
Is it protected against noise and multiple responses to the 
same s i gna 1 ? 

2. Is the interrupt request input high or low level active, and 
is it voltage-compatible or is voltage translation required? 

3. Are RC networks and/or hysteresis buffers and/or optical 
isolators necessary to prevent false interrupts caused by noise? 

k. is the interrupt system speed comptabible with the processor? 
Is the request pulse too short to be polled? Is the vector 
memory's access time as fast as the system's main memory? 
If a card-level priority propagation system (daisy chain) is used, 
can a s i gna 1 " propagate along the chain in the alotted time or 
is look-ahead gating required? 

5. If a Priority Interrupt Controller (PIC) is used to augment the 
processor's interrupt capability, is the PiC universal or 
processor signal dependent? What support signals does it 
require to operate? If used with the wrong processor type, 
what tradeoffs are involved? If the system has more interrupts 
than the PIC has inputs, how is expansion accomplished? 

6. If system speed/cost requirements do not warrant vectored interrupts, 
can each of the interrupting devices be polled and masked by the 
program? Is the interrupt request signal driver wire-ORable so 

that all devices can drive the processor's input pin? 

b. Interrupt Service Routine 

In general the interrupt must not destroy or alter the data that was being 
used by the interrupted program. The things to save or protect include: 



1. Data in the processor's internal accumulator (s) , flag register, and 
other data registers. 

2. Address register content, including the program counter, stack pointer, 
index registers, and address modification (offset) registers. 

3. Data contained in latching output and input ports. 

k. Bank selection, mode selection, and enable/disable decisions made 
by the interrupted program, 

5. Data contained in the processor's RAM. 

6. Conditions and data existing in hardware external to the processor 
chip prior to the i nterrupt, where applicable. 
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Potential Problems With System Timing 

1. What happens if devices wi th different priorities request an 
interrupt at the same instant? 

2. What happens If a high priority device requests an interrupt 
while a lower priority device is being serviced? 

3. Can a high priority device request interrupts so frequently 
that a lower priority device will never be serviced? 

*• In response to a low-priority device interrupt, the processor may 

issue INTAK at the same instant that a high priority device interrupts. 
Will the processor see the high order vector, the low order vector, 
or simply the ripple effect of vector bits changing? What defines 
the last possible instant that a new interrupt request can change the 
system response? 

5. Perhaps most importantly, what happens to the system hardware under 
the processor's control during an interrupt? Will -a disaster 
occur if the interrupt comes at the wrong time or lasts too long? 
Must the interrupt routine also contain instructions which protect 
or "keep alive 11 some operation being controlled by the interrupted 
program? i£\ 

Priority Interrupt Controllers such as Pro Log's 7320 card offer solutions for 
items 1 and k above (when application recommendations are followed or modified 
appropriately to suit special circumstances) . The other items, however, are 
entirely application dependent and require the careful attention of the system 
design engineer. 
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SECTION 2: FUNCTIONAL DESCRIPTION 

The 7320's interrupt request (HELPn*) inputs are falling edge sensitive and 

buffered with hysteresis gates for improved noise rejection. The eight 

identical request latches can be polled, masked, and cleared by onboard I/O ports. 

Priority is fixed with HELPO* having the highest priority and HELP7* having 
the lowest. The HELPn* input connections are made via s i gnal /ground ,025" 
post connectors approved by the STD BUS Manufacturer's Group. These connections 
allow for the following applications: 

a - wire (or twisted pair) inputs from adjacent cards; 

b. Mass terminated ribbon cables with ground-s ignal -ground conductor 
allocation from adjacent cards; and 

c. Mass terminated or discrete wiring to a signal conditioning card 
(Opto-22 or equivalent). 

The 7320 supports single byte vectored interrupts for processors capable of 
generating the I NTAK* signal, and polled interrupts for other processors. 
8080-family processors (including 8085 and Z80 mode 0) are additionally supported 
by a special RESTART instruction generator which allows poll-free vectoring of 
up to eight interrupts. The vector generator chip is a user-supplied 32 x 8 PROM 
and requires removal of the RESTART generator chip if used. * 

The 7320 supports the Priority Chain as an STD BUS daisy-chained slot dependent 
priority propagation scheme using the PC1/PC0 backplane traces. Alternately 
the user may connect the daisy chain across the card front for card slot indepen- 
dence. Priority propagation to another 7320, Z80 peripheral, or other Priority 
Interrupt Controller device is controlled both in hardware and in software. 

Ci rcui-t Descript ion 

The 7320 consists of three major circuits: (Refer to schematic 105942) 

A - Onboard Control Ports . Input/Output ports and associated address decoding and 
card select circuitry provide program control of the interrupt latches, allowing 
latch reading (polling), masking, and clearing plus card level priority chain 
control . 

These ports allow the program to exercise logical control over the interrupt 
inputs, augmenting the microprocessor's interrupt control instructions and 
allowing for logical operations such as interrupt priority rotation. For 
example, a high priority input may be held off indefinitely or cleared according 
to log i cal - decis ions in the program. 

The 7320 appears to the system processor as an array of three output ports 
and one or two input ports. (See Interrupt Response Circuitry, below) The 
second input port is available if the processor does not generate 1NTAK*. 
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The port-address mapping selected when the 7320 is shipped can be (£j 

found in Figure 11, Section k. The user may change the port address 
assignments by changing jumper wires SX and SY. Refer to Section 3 
(Mapping). 

B. Interrupt Request Latches (U19 through U22) 

Interrupt Request Latches form the user interface to the 7320. These 
eight identical TTL circuits are pulled up to Vcc* by a IK resistor and 
buffered with hysteresis buffers to improve noise immunity. Each input 
is falling edge sensitive: the input must be returned high, then fall 
low to set the interrupt request latch a second time. Each of the 
eight interrupt request inputs (HELPO* through HELP7*) produces an 
associated HELP Acknowledge output (HACKO* through HACK7*) . Use of 
these outputs is optional; they are provided for situations where a 
2-wire handshake with the interrupting device is required, or for 
convenient indication that the interrupt request has been received 
and latched by the 7320 (the HACK signals can sink 20mA LEDs.) 

The eight interrupt request latches are set only by the eight user 
inputs, and can be reset in one of three ways: 

a. By the SYSRESET* Signal generated by the system processor card 
at power-on or in response to the PBRESET* signal. 

b. By the program at any time a decision is made to cancel an 
interrupt request or hold a latch in the reset state. 

c. Automatically by the 7320 itself when the processor generates the 
INTAK* (interrupt acknowledge) signal in response to the specific 
interrupt request. 

Each of the eight interrupt request latches has an associated Mask 
Enable Gate (Ull and-. U 13) which is available to the program. If the 
gate bit is zero, the corresponding interrupt request latch is prevented 
from generating an interrupt. Masking the gate does not clear the latch 
nor prevent it from being set by an incoming request signal, and the 
state of the latch can always be polled by the program regardless of 
whether or not it is enabled. 

C. Interrupt Response Circuitry 

The response provided by the 7320 depends on the appl i cat ion. As 
shipped, the card is capable of unlimited interrupt polling as described 
above, and is equipped with a RESTART generator device (7*+LS2^at U 1 8) which 
generates the eight 8080-fami ly RESTART instruct ions used in the 8080 
8085, and Z80 mode interrupt vectoring schemes. 

Also provided is a socket at U24 for a 7^S288 or equivalent 32 x 8 
bipolar PROM which is supplied by the user to support any single-byte 
address or instruction vector, depending on the microprocessor and 
interrupt mode in use. (See Appendix A) The vector PROM is recommended 
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for Z80 mode 2 systems, 2650 or similar microprocessors requirinq a sinqle-bvtq 
interrupt vector, or 8080-family processors where single byte instructions | 
(in place of the RESTART instructions and vectors) are desired at 
interrupt. This PROM allows up to four interrupt schemes to be stored 
in the same PROM for manufacturing simplicity, with the four separate 
8-byte vector groups being strap selectable on the 7320. 

In all cases the 7320 responds to any enabled interrupt request from 
the user with a single wire ORable I NTRQ* (interrupt request) signal 
to the system processor card. If the system processor card generates 
the INTAK* (interrupt acknowledge) signal, the 7320's vector generator 
or RESTART generator may be used and the RESTART instruction or 
address/ instruct ion vector byte will be placed on the STD data bus 
during INTAK- to be read by the system processor. If the processor 
card does not generate INTAK- and the equivalent cannot be derived 
elsewhere in the system, then interrupt polling is the only available 
alternative. In this case the 7320's RESTART generator or vector 
generator can be use as an auxilary input port such that the vector 
information or octal-encoded top priority request code can be read into 
the processor as input port data. If used as input ports, the 7320's 
interrupt response generators still automatically clear the corresponding 
interrupt request latch to improve the polled interrupt response time. 

The 7320 can generate an interrupt only if the PCI (Priority Chain In) 
signal is active, and the card drops the PC0(Priority Chain Output) 
signal when it or a higher level card driving it are requesting an 
interrupt. Both the PCI and PCO signals are duplicated by software 
controlled port bits, allowing the program to disable either the 7320 
card or all low-order interrupting cards participating in the chain 
Note that either the card-slot-dependent priority chain at the STD BUS 
backplane, or a card-s lot- i ndependent scheme at the user interface 
connector may be implemented. PCO must be reset by program instruct ion 
at the end of the interrupt. <T) 

Both the interrupt request outputs and the priority chain. are held 
constant by onboard freeze latches (U 1 2) during INTAK- or input port read 
times. This feature is provided to prevent address vector misreads if 
a higher order interrupt is accepted during the time the 7320 is supplying 
an address vector to the system processor. 

A spare input to the interrupt system freeze circuit is provided to 
allow for special processor requirements. For example, Z80-based 
systems^ormal ly connect this input to the STATUS 1* (Ml*) line to 
prevent interrupt system changes during Ml (instruction opcode fetch) 
to allow for priority chain propagation delay across several interrupting 
cards. Note that systems with a large number of prioritized interrupt 



(7) RTI (Return from Interrupt) Z80 instruction is not decoded by the 

7320, so an output instruction is required to reset the priority chain 



(2) Not required for Pro-Log 7803 (Z80) Processor Card 
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requests or a high speed processor may require the inclusion of wait states 
(implemented outside the 7320 using the WAITRQ* signal) to allow adequate 
priority chain settle time. Refer to the dynamic characteristics of the 
7320 in Section 5 , and to the data sheet for the processor card used. 

Other user options include the defeat of the automatic latch resetting 
circuit, defeat of the 7320's priority chain participation, and generation 
of NMIRQ* in place of INTRQ* (allowing prioritization of the nonmaskable 
interrupt, or the 8085*5 5*5, 6.5, and 7.5 interrupt inputs or equivalent 
in different microprocessor types'). <wi th. provision for chopping edge-sensitive 
interrupt inputs. Refer to Appendix C. 
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SECTION 3 " MAPPING 



I/O PORT ADDRESS SELECTION 

The 7320 occupies four input port addresses and four output port addresses. When 
shipped these port addresses are CC, CD, CE, and CF hexadecimal. If only one 7320 
card is used in the system and no existing ports are already assigned these addresses, 
then the address selection is generally arbitrary and no change need be made. 
However the port addresses may be assigned any four sequential addresses in the 
range 00-FF hexadecimal as follows: 

a. Locate card select decoders 112 and U3 (7*HS1 38)adjacent to the 
STD BUS edge connector. Each decoder device has a dual row of 
pads which form decoder output select matrices as shown in figure 

9 . Make one and only one connection to each of the matrices; 
the wire^ jumper supplied with the 7320 at each matrix must be 
removed if a new connection is to be made* 

b. Figure 10 shows where to place jumper straps to obtain any fou- 
sequential port addresses. Use the lowest of the four addresses 
desired when determining the jumper positions, and note that this 
lowest address must end in one of the following hexadecimal 
numbers: 0, k, 8, or C (eg 28 is the lowest of the group 28, 29, 
2A, 2B) . Find the most significant hex address digit along the 
vertical axis, then find the intersection along the horizontal 
axis which coincides with the desired group of least significant 
hex digits. At that intersection, find the two connections to 

to be made to matrix SX (adjacent to U2) and matrix SY (adjacent 
to U3). 

For example, port addresses 28, 29, 2A, and 2B are selected by 
connecting jumpers to XI and Y2, soldered in place. 

The jumper matrix pads are on 0.10 inch (0.25 cm) centers. Wirewrap posts may be 
soldered in if frequent changes are anticipated. For permanent connections use 
short wire jumpers. 
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FIGURE 9: LOCATION OF 7320 ADDRESS DECODER OUTPUT SELECT MATRICES 
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FIGURE 10: 7320 ADDRESS DECODER JUMPER PROGRAMMING 
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SECTION k - OPERATION AND PROGRAMMING 



PROGRAMMING INFORMATION 



The 7320 occupies four consecutive I/O port addresses with port addresses 
CC through CF hexadecimal selected by jumper straps when shipped. The user 
may select any other four consecutive addresses (see Section 3). Of the port 
addresses occupied by the card, only three output ports and one or two input 
ports are used. Figure 1.1 shows the bit/function of each of the ports. 

A ' Poll Port 0: Address CC Hex (Input to Processor Card) 

This 8-bit port allows the states of the eight interrupt request (HELP) 
latches to be monitored by the program. Reading this port always 
returns the actual states of the latches, regardless of the control 
conditions imposed by the other ports. If the latch is set, a logical 
one is returned; if reset, a logical zero is returned. 

B - Mask Enable Port: Address CC Hex (Output from Processor card) 

This 3-bit Dort allows the oroaram to prevent the interrupt request latches 
from generating an interrupt by blocking their outputs. If a bit is 
written high by the program, the corresponding interrupt request latch 
is enabled and allowed to generate an interrupt request INTRQ-'*; if 
the bit is written low, the latch's output is blocked. 

Note that the SYSRESET- signal (at power-on, for example) clears this 
port, effectively blocking all interrupt requests from the card. Note 
also that disabling the latch output by writing its mask enable bit 
low or by resetting the card does not prevent the latch from being set 
nor does it prevent input Port CC from reading the true state of the 

latch. 

c - Poll Port- 1 (Vector or Restart): Address CD Hex (input to Processor card) 

This optional 8-bit port is available if the system microprocessor does not 
generate the INTAK- signal or if interrupt vectoring is not required 
in the system. Moving a jumper strap on the 7320 allows either the 
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Vector Generator 



RESTART Generator 



& Output Port CE bits 2 thru 7 are DON'T CARE 
Set bit 1 to disable 7301 ' s PCO, or set 
bit to disable both PCI and PCO. 

^ Bit numbers indicated correspond to 
interrupt requests HELPO* - HELP7*. 

FIGURE 11: I/O PORT BIT FUNCTION AND PROGRAMMING TABLE 
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Vector Generator PROM or the RESTART instruction qenerator t< bec-r- 

an input port. Reading this input port qis/es a /ector or RESTART < ,-j. 

corresponding to the highest priority request input that is current I, 
act i ve . 
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If the RESTARTGenerator is used, reading Input Port CD will return m.? 
3-bit octal-encoded number corresponding to the priority (lowest numbered) 
enabled interrupt request in bits 3, A, and 5. 

Whether the Vector Generator or RESTART Generator is used, the highest 
enabled i nterrupt-reques t latch producing the Input Port CD response 
will be automatically cleared at the completion of the read operation. 

D. Reset Port: Address CD Hex (Output from Processor card) 

This 8-bit port allows the program to selectively reset one or any com- 
bination of the interrupt request latches. It may simultaneously be used 
to hold selected latches reset and prevent them from becoming set. If 
an output port bit is written low by the program, the latch is held reset; if 
high, the latch is enabled to be set by the corresponding HELP signal. 

Mote that the SYSRESET* signal clears this port. and holds the eight 
interrupt request latches reset until initiaized by the program. 

E. Card Control Port: Address CE Hex (Output from Processor card) 

This 2-bit output port allows the 7320 to be disabled by setting a single 
bit (bit 0), and also allows all lower-order priority interrupting cards to be 
d.sabled from the 7320 (bit 1). When these bits are set high, the 
corresponding function is disabled; when cleared, the functions are 
enabled. A multicard interrupt system can be disabled by setting 
bit in the highest order 7320 card. 

Note that these bits are cleared by the SYSRESET* signal, thus enabling 
the priority chain at power-on reset time. 

F. Unused Ports: Address CE Hex (Input) and CF Hex (input and Output) 

The 7320 occupies these port addresses even though they are not used, 
and no other 1/0 card in the system can share these addresses or bus 
contention with unpredictable read data will result from input reads. 
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THEORY OF OPERATION (Refer to 7320 Schematic 1059^)' 

The 7320 Priority Interrupt Card consists of three major functions: 
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DATA BUS 
TRANSCEIVER 



ADDRESS 
DECODERS 



DATA BUS 
TRANSCEIVER 



1UL 



ol^ Ports Including card select 



and read/write circuitry, and the STD BUS interface. 

User Interface (Figure 12) consisting of buffered interrupt request 
latches and latch reset gating. 

Priori ty Control (Figure 13 ) consisting of mask gates priority chain 
control, the priority encoder, latch reset decoding, and vector 
generator. 

Control Ports 

The 7320 has three output ports and one or two input ports to control 
the card. The card and one of its port addresses are selected by the 
Processor when the I0RQ* and I0EXP* control inputs are both active, 
one of the user-selected address bit combinations (A0-A7) is Dresent 
and either RD* or WR* is active. 

Card selection Is defined as the activation of the 7320's Data Bus 
Transceiver (7^LS2^5; Ul ) , a process requiring only the presence 
of I0RQ*, I0EXP*, and a user-selected combination of address lines 
A2-A7. The user chooses the card-select address by connecting one 
and only one jumper to each of the two pad matrices adjacent to 
address decoders U2 and U3 (7^LSl 38) . Note that the 7320 is 
shipped with jumpers at X6 (U2 pin 9) and Y3 (U3 pin 12). This 
decodes I/O addresses CC, CD, CE, and CF hexadecimal and results 
in the Data Bus transceivers beinq enabled any time the Processor 
Card addresses one of these four port addresses. 

In addition to enabling the Transceiver, the CARD* select signal 

also enables the Port Select Decoders (74LS138; U5 and 1*6) . 

U6 selects input ports and U5 selects output ports. The input port 

selector is additionally enabled 

by the RD* input, and the output port selector is enabled by the 

WR* signal. Each circuit can decode four ports, of which only three 

output ports and one or two input ports are used. Note, however, 

that even though some ports are not implemented, the Transceiver remains 

enabled when the unused ports are addressed. Consequently these port 

addresses may not be implemented elsewhere in the system or bus 

contention will result due to multiple devices driving the Data Bus. 

The decoded outputs of the Port Decoders are used to gate input 
ports and strobe output ports via the STD data bus. The RD* input 
is buffered and used to control the direction of the Data Bus Transceiver. 
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Output Port CC (7^LS273; U9) is a latching 8-bit output port strobed 
by the 0P0<* output from the Decoder and cleared by the SYSRESET* signal 
at power-on. The 8 output bits from this port provide the interrupt 
enable mask. 

Output Port CD (7ALS27 ; U17) is a latching 8-bit output port used by the 
program to control the reset input to each of the Request Latches. Bits 
written low at this port hold the corresponding latches in reset. 

Output Port CE (7 1 +LS7 / +, U23) is a latching 2-bit output port used to 
control the Priority Chain path through the 7320. Bits and 1 from 
this port correspond to the PCI and PCO signals, respectively, and 
provide the same functions under program control. 

Note that U9, U 1 7 , and U23 are rising-edge sensitive devices and accept 
new data at the rising (trailing) edge of the WR* signal. 

Input port CC (jbLSZkk; U10) is a gated 8-bit input port used to poll 
(read) the states of the eight Request Latches. This port drives the 
system Data Bus through the Transceiver at the falling (leading) edge 
of the RD* signal . 

Input Port CD is similar to Input Port CC, but is used only under special 
circumstances. See Vector Generator discussion below. 



User Interface 

HELP The 7320 accepts up to eight interrupt request inputs (HELPO* through 
REQUEST HELP7"). These inputs are pulled up to Vcc (+5V) through IK resistors 
INPUT to improve noise immunity and to allow each input to be driven by 
BUFFERS multiple wire-ORed open collector drivers. Each input drives an inverting 
buffer (7**LS2**0; U28) with 200mV minimum hystersis (^OOmV typical) 
for additional noise immunity. The combination of IK pullup resistor 
and 7^LS2^0 buffer presents 15 LSTTL input loads maximum. The resistor 
networks used to pull up the inputs (R7 and R8) may be replaced with higher 
value networks to reduce input loading if desired. 

REQUEST The input buffers drive the clock inputs of eight clocked latches {jkLSJk: 
LATCHES U19, U20, U21, and U22) . These are rising edge sensitive clock inputs, 
so a falling edge at each of the HELPn* inputs causes the corresponding 
latch to set after inversion by the input buffer. Once set, the latch's 
inverted output is buffered (7*+LS244; U26) and provided at User Interface 
Connector Jl as HELP acknowledge signals (HACK 0* thru HACK 7*) . 
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The use of these signals is optional; they 

may be used to sink 20mA LED indicators, or as part of 

shake with the interrupting device if necessary. Note 
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and exchanging U26 (7bl52kh) and U28 (74LS240) both the HELPn* and 
HACKn* signals may be made high level active. 

The true outputs of the eight interrupt request latches are routed to 
the Priority Control circuit and to the Poll Port (Input Port CC; 
7^LS244; U10). By reading the Poll Port the program can determine 
the states of all eight interrupt request latches simultaneously 
(I=set, 0=reset). 

Low level OR gates (74LS08; UI4, U 1 8) are used to reset the request 
Latches. The latches can be reset as follows: 

• The Program Reset Port (Output Port CD; 7 Z *LS273; Ul 7) which 
allows any combination of Request Latches to be selectively 
reset by an output Instruction sequence or to be held reset. 

• The Autoreset Decoder (7**LS42; U27) automatically selects 
and resets a specific Request Latch when that request is being 
acknowledged by the Processor. 

• SYSRESET*, issued by the processor card, 
through it the eight request latches. 

C. Priority Control 

This section provides the program wi th control over the interrupt 

system, synchronizes the interrupt system wi th the Processor Card, 

and generates the vector Information (optional) needed by the Processor. 

MASK The Mask Gates (7^LS00; Ull, U 1 3 ) determine which interrupt request 
GATES latches are allowed to drive the Priority Encoder. They gate the 
outputs of the Request Latches with the outputs of the Mask Enable 
Port (output Port CC; 7^LS273; U7) . Any logical Vwri tten to this 
MASK port by the program wil 1 enable the corresponding Request Latch output 
ENABLE (bit enables MASK GATE 0.) Since the Mask Enable Port is cleared 
PORTS by SYSRESET* at power on, the mask word must be written to this port 
before any interrupts can be generated by the 7320. 

FREEZE Two sets of Freeze Latches are provided on the 7320. The first 
LATCHES (7^LS373; U12) is used to hold the eight outputs of the Mask Gates 
unchanged, and' the second (7^LSO0; U29) holds the state of the 
Priority Chain constant. Both Freeze Latches are activated by the 
INTAK* signal; they act as gates when INTAK* is inactive and as latches 
when INTAK- is active. Both serve to freeze the conditions present 
in the interrupt system while the Processor Card uses INTAK* to read 
the Vector Generator (or RESTART Generator) . 
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If the Processor Card does not generate the INTAK* signal (or if 
vectored interrupts are not wanted in the system) the Vector or 
RESTART generator can be converted to an input port by opening 
jumper B and connecting jumper C (see Appendix C) . With that modi- 
fication, the above discussions regarding the INTAK''- signal refer 
instead to the Input Port CD select signal IPI*. Reading Input Port 
CD then supplies the same codes to the program that would otherwise 
have been provided to the Processor Card with INTAK*. 

Card level priority control (the PCI and PCO signals) are important 
when more than one 7320 is used in the system, or when the 7320 is 
used withany other card (particularly those with Z80-family peripheral 
chips) which can generate a vectored interrupt. 

PCI iSTD BUS pin 52) and INH* input (Jl pin 2) both serve to inhibit 
the 7320 if a higher priority interrupt card is requesting an interrupt. 
PCI is driven if the card is being used in the STD BUS priority chain; 
1 NH " can be used 'f a card-slot- independent priority chain scheme is 
implemented by the user. Both signals serve the same purpose and 
only one is generally used for priority chain control. 

The EC I * signal (Output Port CE bit 0) is ANDed with PCI* (74LS32: U7) 
to produce EPE*, a signal which enables the Priority Encoder (74LS143; 
U25). See Figure 14 for the Priority Encoder Truth Table. EPE* must 
be frozen by INTAK* to stabilize the interrupt system while the 
processor is in the act of responding to the interrupt. A one-bit 
Freeze Latch (74LS00; U29) is provided to freeze ERE* and produce FEPE* 
which drives the Priority Encoder's enable input. 

The INH* signal input also serves a purpose unrelated to the Priority 
Chain. ^ Some microprocessor interrupt- request input pins are edge 
sensitive. The 7320's normal mode of operation is suitable only for 
level-sensitive inputs, since its INTRQ* driver trans i stor wi II keep 
the INTRQ* pin active as long as any of the eight Request Latches 
are set. Thus if two latches were set initially, no signal transition 
will occur on the INTRQ* output when the processor moves from servicing 
the first to servicing the second. The INH* signal provides a convenient 
input for the user to "chop" the INTRQ* signal and produce one transition 
per processor machine cycle, allowing the card to be used with edge- 
sensitive microprocessor inputs. Pads are provided on the STD BUS 
pins MCSYNC*, STATUS 1*, STATUS 0*, and spare pins 5 and 6. Normally 
connecting INH* by jumper to MCSYNC* will produce a pulsed request 
signal, providing all other priority conditions are satisfied on 
the card. 
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NOTES: 

U PCI is high level active at the board edge; 

PCI = 1 corresponds to El* = at U25 pin 5. 
2. Corresponds to.GS* at U25 pin 14. 
3- PCO is high level active at the card edge; 

PCO ■■ 1 corresponds to E0* = at U25 pin 15. 

k. 7320 is disabled because a higher-order card 
in the Priority Chain has an active interrupt. 

5. 7320 enabled but idle because it has no active 
interrupts; Priority Chain signal is passed on 
to next lower-order card in the chain. 

6. 7320 is enabled and has an active interrupt 
request; Priority Chain is disabled to next 
lower-order card in the chain. 
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7320 PRIORITY ENCODER TRUTH TABLE 
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X = Don ' t care 

NOTE: Jx,Kx refers to condition of jumpers J and K 
Jl and Kl indicate jumpers are connected. 
JO and KO indicate jumpers are open 

The Vector Generator addresses shown are the hexadecimal 

addresses selected according to the combination of jumper 

conditions and active interrupt request latches, 

FIGURE 15 : RESTART GENERATOR / VECTOR GENERATOR ACTION 
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SECTION 5 - SPECIFICATIONS 
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7320 PIC ENVIRONMENTAL SPECIFICATIONS 








RECOMMENDED OPERATING LIMITS 


ABSOLUTE NON-OPERATING LIMITS 


PARAMETER 


MIN 


TYP 


MAX 


MIN 


MAX 


UNITS 


Free Air Temperature 





25 


55 


-i»o- 


75 


°C 


Humidi ty 







95 





100 


*RH- 



FIGURE 16 



7320 PIC ELECTRICAL SPECIFICATIONS 



RECOMMENDED OPERATING LIMITS 


ABSOLUTE NON OPERATING LIMITS 


PARAMETER 


MIN i TYP 


MAX 


MIN 


MAX 


UNITS 


Vcc 


*»,75 | 5.00 
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STD BUS ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATION LIMITS 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Vcc Supply Current 




460 


770 


mA 


STD BUS Input Load 
STD BUS Output Load 


See Figure 23 
See Figure 23 
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WAVEFORM LEGEND 



^ If/I///// Transition to hiqh 

AAAAaX Don't Care 
V*— — +/ Must be valid 



T = TIMING MEASUREMENT 




1 SIGNALS 


STATUS 


P = any HELP- input 


H = High 




K = any HACK* output 


L = Low 




N = INTRQ* 


X = Don ' t Care 




A = INTAK* 


V = Val id 




D = Data Bus D0-D7 






1 = PCI 






=* PCO 







7320 DYNAMIC SPECIFICATIONS (See Figure 20) 



o 



PARAMETER 


SEE 
NOTE 


NANOSECONDS 


MIN 


TYP 


MAX 


TPLPH Minimum HELPn* request pulse width 

TPLKL HACKn* (HELP acknowledge) active after any HELPn* 

TPLNL INTRQ* active after HELPn' 1 ' 

TPLOL PCO inactive after HELPn* 


1 
1 


30 


30 

100 

80 


55 
160 
150 


TALKH HACKn* inactive after INTAK* 
TALPX HELP0-7- and PCI frozen after INTAK* 
TALDV RESTART instruction access time 
TALDV Vector access time 


2 
3 
h 

5 




175 
20 
60 
60 


'250 

ho 

100 

100 


TILOL o • •* u • .• 

TIHOH Priority chain propagation time 


6 




90 


16.0 



NOTES (Jumpers: refer to schematic 1059^2 ) 



1. 

3. 

k. 
5. 



6. 



n - 



PCI « 1; Card control port Bits. 0,1 - 0; Mask enable bit 

Automatic latch reset feature (jumper J) connected. 

Idle HELPn* latches may be set during this period, but the RESTART 

instruction or vector will not change. 

Remove vector generator device* 

Remove RESTART generator device; vector generator specification is 

user-supplied 7^S288 device. Several equivalent PROM types may be 

subst i tuted. 

7320 participation jumper (jumper D) connected. 
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The 7320 meets all STD BUS mechanical specifications 



USER INTERFACE 


MATING CONNECTOR 


I 40-PIN FEMALE 


MANUFACTURER 
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STD77320 EDGE CONNECTOR PIN LIST 






PIN NUMBER 






PIN NUMBER 


o 


OUTPUT (LSTTL DRIVE] 










OUTPUT (LSTTL DRIVE) 


INPUT (LSTTL LOADS] 








INPUT (LSTTL LOADS) 




MNEMONIC 




MNEMONIC 




+5 VOLTS 


vcc 




2 


1 




VCC 


+5 VOLTS 




GROUND 


GND 




4 


3 




GND 


GROUND 




-5V 




1 


.6 


5 
7 
9 






-5V 




07 


I 


55 


8 
10 


55 




D3 




D6 


l 


55 


55 




D2 




D5 


I 


55 


12 


11 


55 




D1 




D4 


l 


55 


14 


13 


55 




DO 




A15 






16 


15 






A7 




A14 






18 


17 






A6 




A13 






20 


19 






A5 




A12 






22 


21 






A4 




A11 






24 


23 






A3 




A10 






26 


25 






A2 




A9 






28 


27 






A1 


o 


A8 






30 


29 






A0 


RD* 


l 




32 


31 






WR # 




MEMRQ* \ 






34 


33 






IORQV 




MEMEX* 






.36 


35 






IOEXP* 




MCSYNC* 






38 


37 






REFRESH- 




STATUS 0* 






40 


39 






STATUS 1* 




BUSRQ* 






42 


41 






BUSAK* 




INTRQ* 




20# 


44 


43 




1 


INTAK* 




NMIRQ* 




OUT 


46 


45 






WAITRQ* 




PBRESET* 






48 


•47 




1 


SYSRESET* 




CNTRL* 






50 


49 






CLOCK* 




PCI 


5 




52 


51 


55 




PC0 




AUX GND 






54 


53 






AUX GND 




AUX-V (-12V) 






56 


55 






AUX +V 
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nates i 
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7320 USER INTERFACE CONNECTOR PIN LIST 


PIN NUMBER 






PIN NUMBER 


OUTPUT (LSTTL DRIVE] 










OUTPUT (LSTTL DRIVE) 


INPUT (LSTTL LOADS) 








INPUT (LSTTL LOADS) 


MNEMONIC 




MNEMONIC 


1 NH* 


5 




2 


1 


OUT 




GROUND 


PCO 


IN 


55 


4 


3 
5 
7 


OUT 




GROUND 


NM 1 RQ* 


. .55 ... 
5_5___ 
55 

55 


.6 
8 
10 
12 
14 


OUT 

OUT 




GROUND 


__HACK7* 

'HACK6* 

HACK5- 




GROUND 


9 

11 
' 13* 

15 
"17 
"llT 


OUT 
OUT 
OUT 




GROUND 




GROUND 


HACK4"'- 




GROUND 


HACK3- 




55 


16 


OUT 




GROUND 


HACK2* 




55 


18 


OUT 

"out 




GROUND 


HACKl * 


. 


55 


20 




GROUND 


HACKO* 


55 


22 


21 
23 
25 


OUT 




GROUND 


HELP7* 


15 




24 
26 


OUT 




GROUND 


HELP6* 


15 




OUT 




GROUND 


HELP5* 


15 




28 


27 


OUT 




GROUND 


MELPk* 


15 




30 


29 


OUT 




GROUND 


'HELP 3* 


15 




32 


31 


OUT 




GROUND 


■HELP2* 


15 




34 


33 


OUT 




GROUND 


HELP1* 


15 




.36 


35 
37 


OUT 




GROUND 


HELPO* 


15 




38 


OUT 




GROUND 


. 1 NT* 




20# 


40 


39 


OUT 




GROUND 



© 



" Designates active low level logic 
# Designates open collector driver 
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SECTION 6 



7320 OPERATING FIRMWARE 

The following routines are provided for the 7320 user. They will operate 
in either Z80 or 8085 systems as outlined below. The flow diagrams provided 
allow conversion to another processor's assembly language, al though modifications 
may be necessary according to the interrupt characteristics of differing processor 
types. 



o 



These routines may be used without licensing from Pro Log, or they may be used * 
as models for modification* Although they have been tested and are believed to 
be correct, they are not represented to be appropriate to any specific application 
or free from errors or patent infringement. 

Because of the large number of possible mapping and application variations, 
the coding forms are tagged with notes as follows: 



NOTE 



z^ 



s 



s 



25" 



COMMENT 



Memory addresses are compatible with Pro Log's 

7801 (8085A) and 7803 (Z80) processor cards. Change 

for systems with different memory, mapping. 



Port addresses are compatible with 7320 as shipped, 
Change if the 7320 is remapped. 



User-supplied 16-bit memory address appropriate to 
the application. _ 



Mask's bit pattern = hex FF enables all eight interrupt 
request latches. Remove bits for permanent latch disable. 



o 



A 



If interrupt occurs here, program goes to address 0038, 
then eventually returns to the instruction following this 
one with the processor 's interrupt system disabled 
(8085A and Z80) . 



Figure 25 Firmware Notes 

For example, changing the 7320's address mapping allocation will require a change 
in all program lines with the Annotation. 



o 



o 



o 



A. 7320 Operating Subroutines 

These subroutines provide basic system functions by manipulating 
the I/O ports on the 7320. 

In some applications it may be advantageous to combine two or more 
functions in one subroutine, or modify the subroutine's operation. 

In systems with more than one 7320, the cards must be mapped in 
different 1/0 port address ranges and separate sets of subroutines 
are needed to manipulate each card. 

Instructions to implement the subroutines listed in Figure 2b can be 
found in Figure 27. Use the notes as indicated in Figure 25 to modify 
the program if the memory or port addresses are remapped. 



NAME AND DESCRIPTION 



(INITIALIZE 7320) 
Removes reset bits and enables 
the onboard interrupt latches 



REGISTERS 
CHANGED 



START 
ADDRESS 



1200 



j (ENABLE ALL) 

| Enables all onboard interrupts 

: (MASK) 

j Enter with accumulator bits = 1 

I to disable corresponding latches 



-1"— 
; A 



(RESTORE CHAIN) 
Restores the 7320's priority chain 
(PC0 output) at the conclusion of 
an i nte r rupt. 

(DISABLE 7320) 
Inhibit 7320 & lower order cards 

Inhibits lower order cards 
Restore with (RESTORE CHAIN) 

(POLL LATCHES) 
Reads 7320 latch states to 
processor's accumulator. 



+ 



A,F 



— +", 



1204 



1209 



120D 



1211 



1216 



1 21 B 



Figure 26 - Subroutines 
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B. Program Example: Polled Interrupt Operating System with Rotating Priority 

The following example is not a subroutine, but a complete operating system 
which i 1 lustrates : 

a. A polled interrupt system not requiring INTAK* (interrupt 
acknowledge) or vectored interrupt hardware. 

b. An interrupt-dr t ven system which is halted unless 
servicing an interrupt. 

c. Programmed priority rotation (each input becomes the 
highest priority input, in turn). 

This program can be used without modification by combining a 7801 (8085A) or 
7803 (Z80) processor card with the 7320 Priority Interrupt Card, using the 
as-shipped configurations of the cards. The user need only supply eight 
interrupt service routines for up to eight interrupting devices (an example 
of a service routine is at address 0030 in the program) and any additional 
hardware or card modules needed to operate the eight interrupting devices. 
Place the start addresses of the eight routines in the vector lookup table 
beginning at program address 0020, 

The flow diagram of the system, figure 28 , can be used as a model to 
implement a s imi lar* system in any STD BUS processor system or to modify this 
routine to suit a special application. 

Use the notes as indicated in figure 25 to modify the program if the memory 
or port addresses are remapped. 

Note that the flexibility of polled interrupt systems allow unlimited 
variations within the interrupt response time constraints of the system, 
since unlimited program manipulation of the interrupt system is oossible 
with the 7320. 

Typical Program requirements (times based on 2 .5 MHz Z80 system) 

a. Response time to an interrupt signal from the halt condition 
var !es a pp rox i mate iy from 60 microseconds to 240 microseconds, 
depending on the current state of the enable mask, on which 
HcLP-request latch is active. 

b. Uses registers A, D, E, F, H, L; reserves memory page 23 
for thj stack and location 2300 as the interrupt rotate 
mask. 

c. The user-supplied interrupt service routines are treated 
as subroutines and are terminated with RTS (return-f rom- 
subroutine, hex C9) » unless used in a Z80 system with Z80 
peripheral chips such as the PI0, in which case the routines 
are terminated with RTI (return-f rom- i nterrupt , hex ED,^D). 

RTI executes as RTS in the ZS0, but the peripheral chips 
decode the RTI opcode sequence and use it to restore the 
priority chain (PC0) signal. 

Use RTS in all 8085A systems. 



2< 



The system hardware is configured as g^ 

follows: " 

1. Leave vector generator socket U2k empty. 

2. Leave RESTART generator Ul 6 {7hlS2kk) installed. 

3. Make RESTART generator conversion to Input 

Port CD as detailed in Appendix C. (Remove jumper B 
instal 1 jumper C) 
k. Make sure processor card has data bus pullup resistors 
so that processor sees the hex FF opcode during interrupt 
acknowledge. Alternately (280 only), insert the SEIM 1 
(set interrupt mode 1 instruction, hex ED, 56) in front 
of the ENI instruction at line 0013 in the program. 
(7801 and 7803 cards have pullup resistors) 



o 



o 



1 



^|||P^ 
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RESET 



0000 



Set stack 
pointer - 2400 



0003 



Ini tial ize other 
system functions 



(optional) 



I 



Start rotate 
with HELP 0* 
input 



(Remove 7320 
reset bits 



Enable 7320 s 
processor's 

? nfAr n J inf < i 




(wait for 
~"*i nterrupt) 






Restore 7320 
priority chair 



( If other cards 
can interrupt) 



NOTE: Dashed lines are routes 
taken automatically by 
the processor's subroutine 
mechanism at interrupt 
and interrupt return. 
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Flow Diagram 
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,'of Polle d Interrupt Operating System 
wi th Rotating Priori ty 
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APPENDIX A 



7320 VECTOR PROM PROGRAMMING 



The 7320's Vector Generator PROM is a 7 / *S288 or any 32 x 8 device with 
a compatible pinout and address access time or chip select access time 
able to satisfy the following equation: 



T^t - 100ns 
cpu 

where T is the worst case of address or chip select access time, and t 

■ cpu 

is the maximum access time required for memory devices during INTAK* 
(or equivalent) for the processor card used. 

The following table lists devices which may be used and the Personality 
Module required for use with Pro-Log's PROM programmers to program each 
device type. 



© 



PROM 


MANUFACTURER 


PERSONALITY MODULE 1 


COMMENT 


7AS288 


T. 1 . 


PM9046 , PA16-4, 32x8(L) 


Generic; see note 


7^S288 


National 


PM9047, PA16-2 or -k, 32x8(L) 


Generic; see note 


N82S123 


Signet ics 


PM9059, PA16-2 or -it, 32x8(L) 


Generic; see note 


5610 


Inters i 1 


PM9016 
PM9016 


Single PROM Module 


MB7051 


Fuj i tsu 


7603-5 


Harris 


PM9039 , PA16-2 or -k, 32x8(H) 


Generic; see note 


6331-1 


MMI 


PM9037, PA16-2, 32xb(H) 


Generic; see note 


63S081 
63LS081 


MMI 


PM9066, PA16-2, 32x8(L) 


Generic; see note 
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Figure 30 



Note: Generic Personality Modules require a Pinout Adapter (PAJ6-2 or -4) 
and Configurator (32 x 8 (X)) which are listed after the PM 
type in the table. Generic modules may be used for other PROMs 
within a family as well as the type shown. 

The above list is not intended to be complete and does not constitute 
a recommendation of any particular device type. 

If the user lacks the ability to program these PROMs, the manufacturer's 
distributors for these devices frequently offer the capability of 
supplying devices that are preprogrammed with code submitted by the user. 
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Vector PROM Organization 

Only eight of the 32 locations in the Vector PROM may be used by a 
single 7320 Card. Consequently, up to four complete vector tables 
may be stored in each PROM. This can simplify the programming process 
in user systems which are manufactured using up to four 7320 cards. 
Jumper pads K and L are provided on the card (see assembly diagram) 
to allow the user to choose which of the four vector tables is 
selected on a specific 7320 card as follows: 



JUMPERS 


SELECT PROM ADDRESSES 


K connected, J connected 
K connected , J open 
K open, J connected 
K open, J open 


00-07 hexadecimal 
08-0F hexadecimal 
10-17 hexadecimal 
18- IF hexadecimal 



Figure 31 
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APPENDIX B 



7320 SIGNAL GLOSSARY 



STD BUS Edge Connector Signals (also see STD BUS Pin List, Figure 23 ) 



MNEMONIC 


MEANING 


PIN(s) 


DESCRIPTION 


FUNCTION 


D0-D7 


Data Bus 


7-14 


High Active 


8-bit 3-state bidirectional data bus. 


A0-A7 


Address 
Bus 


15,17, 
19,21, 
23,25 
27,29 


High Active 


Low order 8 bi ts of Address Bus; used 
for I/O port addressing. 


SYS- 
RESET* 


System 
Reset 


^7 


Low Active 


Reset signal originating at processor card 
in response to power-on or PBRESET*. 


10EXP* 


I/O port 
Expansion 


35 


Low Active 


Bank select signal originating at processor 
card or other control card. Must be low 
to activate 7320. 


IORQ* 


I/O 
Request 


33 


Low Active 


Indicates that the Address Bus holds a 
valid I/O port address. 


RD* 


Read 


32 


Low Active 


Indicates that the processor wants to read 
data from the addressed input port. 


WR* 


Write 


31 


Low Active 


Indicates that the processor wants to write 
data to the addressed output port. 


! INTAKE 


Interrupt 
Acknow- 
ledge 


43 


Low Ac t i ve 


The processor is in the act of responding to 
an interrupt; causes the 7320 to place a 
vector code or RESTART instruction on the 
Data Bus. 


1 NTRQ* 


Interrupt 
Request 


44 


Low Active 


Maskable interrupt input to the processor 
card. 


NM 1 RQ* 


Non- 
maskable 
Interrupt 
Request 


46 


Low Active 


Nonmaskable, highest-priority interrupt 
input to the processor card. 


PCI 


Priori ty 
Chai n In 


52 


High Active 


Card-level priority signal used as a card 
enable input to the 7320 from cards of 
higher priority. 


PCO 


Pr iori ty 
Chain Out 


51 


High Active 


Card-level priority signal output from the 
7320 used to disable cards of lower priority 


MCSYNC* 
STATUS 1- 
STATUS 0" 


Auxilary processor-dependent timing signals available for 
• use on the 7320 in special timing situations. Consult the 
'* processor card data sheet of interest for specific timinn indorsation. 
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Figure 33 
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..'. . User 


Interface Connector 


(Jl) Signals 


(also see User Interface Connector Pin List, 

Fi gnrp. 2k ) 


MNEMONIC 


MEANING 


PIN(s) 


DESCRIPTION 


FUNCTION 


HELPO*- 
HELP7* 


1 nterrupt 
Request 


24,26, 
28,30, 
32,34, 
36,38 


Edge 

Sens i ti ve 
(1*0 only) 


Eight interrupt request inputs from 
devices in user's system which can 
interrupt the processor. 


HACKO*- 
. HACK7- 


HELP 
Acknow- 
ledge 


8,10, 
12,14, 
16,18, 
20,22 


Low Active 


Acknowledges that the corresponding 
request latch has been set by the HELPn* 
signal; optionally used for LED indicator 
or handshake with interrupting device in 
user's system. Not normally required. 


1 NT* 


1 nterrupt 


40 


Low Active 


Open collector output from 7320; allows 
7320 to prioritize interrupt requests 
for applications different from normal 
INTRQ* drive on STD BUS. 


NM 1 RO_* 


Non- 

Maskable 
1 nterrupt 
Request 


6 


Low Active 


See NMIRQ* Figure 33;provides 

for external drive of NMIRQ- line via Jl. 


1 NH* 


Inhibi t 


2 


Low to 
i nh ibi t, 
High to 
enable. 


Same function as 'PCI Figure 33, may 
be used as a second inhibit in addition to 
PCI, and to pulse INTRQ* for edge sensitive 
processor interrupt inputs. 


PCO 


Priority 
Chain Out 


4 


Active High 


Identical to PCO, Figure 33 
May be used in combination with INH* to 
provide a card-slot-independent priority 
chain in pl.ace of PCI/PC0 at the backplane. 



Figure 3^ 



a 
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c - Figure 35 -. Internal 7320 Signals (See schematic 1059^2) 
/l\ Note: Unless inhihited hy the proqran 



MNEMONIC 


MEANING 


DESCRIPTION 


ORIGIN 
COORDINATES 


COMMENTS 


ARO* to 
AR7* 


Automatic 
Reset 


Active low 


A2 


Automatic latch reset signal developed 
from IRSP* and IP1„2,J* decoded; 


BACK* 


Buffered 
INTAK* 


Active low 


B6 




BDO to 
BD7 


Buffered 
Data Bus 


Active high 


D7 


Internal 3"State bidirectional bus. 


BRD* 


Buffered 
RD* 


Active low 


B7 




CARD* 


Card 
Select 


Active low 


B6 


Decoded A2-A7 plus I0RQ* and I0EXP*. 


E0* 


Enable 
Out 


Active low 


C3 


Active when PCI - 1 and 7320 has no yv 
active interrupt requests (PCO * EO*) . 


EPE* 


Enable 

Priority 

Encoder 


Active low 


A6 


Active when PC 1 * 1 &> 


ENO ■: to 
EN7 


Enable 
Mask bit 


Active high 


D7,8 


Programmed interrupt mask enable bits. 


FEPE* 


Frozen 
EPE* 


Active low 


A2,3 


Enable Priority Encoder frozen by INTAK 


FIRO* to 
F I R7* 


Frozen 

Interrupt 

Request 


Active low 


A3 


Enabled interrupt requests frozen by i 
INTAK*. ^ 


I L0 to 
IL7 


Interrupt 
Latches 


Active high 


ABCD*4 


Interrupt latch states to Poll Port. 


IPO* 
IP1* 


1 nput 
Port 


Active low 


B7 


Input port strobes. 


IRO* to 
IR7* 


Masked 

Interrupt 

Request 


Active low 


ABCD^ 


Enabled interrupt requests to freeze 
latch. 


IRSP* 


Interrupt 
Response 


Active low 


D.3 


Activated by INTAK* only when I..NTRQ* 
generated by this 7320. 


PI 
P2 
Pk 


Priori ty 
Code 


Active high 


C3 


3-bit code representing top priority 
active enabled interrupt on this 7320. 


0P0* 
0P1* 
OP 2* 


Output 
Port 


Active low 


B7 


Output port strobes. 


PCI* 


Buffered 
PCI 


Active low 


A6 




PRO* to 
PR7* 


Program 
Reset 


Active low 


D6 


Programmable resets to the interrupt 
request latches. jp 


RST* 


Reset 


Active low 


B8 


Buffered SYSRESET*. ^vemu ifjrtrL^Ai^f^^ 
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APPENDIX C 
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INTRODUCTION 

/ t without alteration 

The 7320 is shipped in a configuration which allows it to operate/in the majority 
of applications involving the 7801 (8085A) , 7802 (6800) , and 7803 (Z80) Processor 
cards. However, a number of options are provided which can enhance the card's 
performance in certain applications. These options are selected by the removal 
and replacement of jumper wires or integrated ci rcu I ts as shown in this Appendix. 
The options include: 

a. 7320 onboard I/O port address selection 

b. Priority Chain (card level) control 

c. Interrupt response generators (vector or instruction) 

d. Automatic interrupt request latch resetting 

e. Interrupt request signal input and acknowledge output polarity 

f. Special processor control 

■ q. Interrupt request signal output control 
h. Vector PROM addressing 

In order to make these changes properly the user should have the 7320 
schematic (Pro-Log document number 1059^2) and assembly diagram (1059^3) for 
reference. 



PRIORITY CHAIN CONTROL 

CThe 7320's priority chain circuit allows card-level control of interrupt priorities 
Ihere more than one card in the system is capable of generating the INTRQ* signal. 



The following jumpers control the 7320's priority chain: 



JUMPERS 



FUNCTION 



OPTIONAL FUNCTION 



D,E 



Connects PCI to the 7320's 
priority encoder. 



Jumper D connected, E open, 
places the 7320 in the chain. 
If the card generates an inter- 
rupt, PC0 will go inactive. 



Remove jumper C if: 

a. Only this 7320 is capable of 
generating an interrupt request. 

b. This 7320 has the highest priority 
in a chain of other cards. 

c. The PCI/PC0 scheme is to be defeated 
and a card-slot- independent scheme 
is to be substituted by the user 

at the front of the card rack (7320 
user- interface connector pin 1, INH*, 
is provided for that purpose and is 
equivalent to PC I ) . 

Jumper D open, E connected, removes the 
7320 from the priority chain but allows 
PCI to propagate through the card to PC0. 
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Figure 36 
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In systems where the INTAK* signal is present, the latch which caused the interrupt 

presently being serviced will be automatically cleared by the delayed leading edge 

of INTAK*. The autoreset decoder (7kl$h2 U27) performs this function which can be 
defeated by removing jumper &. 

In systems where no INTAK* exists and polling is used, the autoreset feature can be 
retained by turning the vector generator or the RESTART generator into an input port 
readable by the program. When the program reads this input port, it can find the 
highest priority pending interrupt in a system with one or more 7320's and auto- 
matically clears the corresponding HELP* request latch. The vector generator or 
RESTART generator is changed to an input port as follows: 



o 



JUMPERS 


FUNCTION 


OPTIONAL FUNCTION 


B, C 


Jumper B connected, C open, 
connects the INTAK- signal 
to the response generators 
and autoreset decoder 


Jumper B open, C connected, replaces the 
INTAK* signal with the IP1* signal so that 
the response generators and autoreset decoder 
respond as Input Port CD. (T) 



tMf the RESTART generator is retained on the card, reading Input Port CD (or equivalent 
user-selected address) will return one of eight binary codes to the system processor 
corresponding to the eight HELP* inputs as shown in figure 5 • These codes contain 
the octal encoded priority level in data bits 5,^,3. In addition, the corresponding 
HELP* request latch will be cleared by the operation. 

If the vector generator is retained on the card, it will respond as above except that 
the data returned will be the corresponding data programmed into the vector PROM by 
the user. This may be a numeric representation of the HELP* request input as 00-07, 

or other data, or part of a jump address to be formulated by the program. 

* 

HELP* and HACK* POLARITY 

The eight HELP* inputs and eight HACK* outputs are each buffered by octal buffer 
devices, 7**LS240 U28 and J^LSlkk U26 respect ively. These devices result in low 
level active inputs and outputs at the user interface connector for these signals. 

By interchanging the two devices U28 and U26, both the HELP* and HACK* signal groups 
will become high level active signals. 

SPECIAL PROCESSOR CONTROL 



o 



The combination of interrupt requests and state of the PCI signal into the 7320's 
priority encoder are frozen by the INTAK* signal (or IP1*, see AUTOMATIC INTERRUPT 
REQUEST LATCH RESETTING above). This prevents a higher order incoming interrupt 
request from changi ng the interrupt response signals while the microprocessor is 
in the act of reading them, thus preventing possible erroneous misreads. 

An additional input to this freeze circuit (jumper-pad H ) is provided to allow the 
user to freeze these signals in specif ?c applications* A low level on jumper pad H 
effects a freeze, causing the 7320 to ignore incoming changes at any of the HELP* 
inputs or PCI. Note that this does not prevent the HELP* latches from being set, 
so no interrupt requests are lost. 
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780^ i^° mmend ! d ^^ ^^ US6d "^ tHe Z80 " based Processor cards other than Pro-Loa's 
to STD Sn? 6r " Pad H be < ? 0nn ^ cte i, t .° the STATUS 1* (Ml*) signal at the pad provided next 
to STD BUS connector pin 39. This freezes the interrupt system during the Z80 ? s M? 
time in accordance with the manufacturer's recommendation without losing any 
interrupt requests. 



oie'S ?? dS arS P , r ° Vi M ed ^ "^ ed9e Plns 38 (MCSYNC*), 40 ^TATik ft *> c ,_ r< o 
7800 Series. ^ ' ° C ° nneCtI ° nS are raquFred for any of 'p^LogV " ' "^ 



. INTERRUPT REQUEST SIGNAL CONTROL 

DC stable 
The 7320 is designed to generate a single open-collector/interrupt request signal 
to the INTRQ* line on the STD BUS backplane, and provides an unbuffered path from 
the user interface connector (pin 5) to the NMIRQ* (nonmaskable interrupt request) 
line. The following options are available: 

Priori ti zed NMIRQ * 

By opening jumpers L and N and connecting jumper M, the 7320's priority encoder 
drives the NMIRQ* line. Note, however, that in many microprocessors the I NTRQ* 
input is level sensitive while the NMIRQ* input is edge sensitive. 







Edge Sensitive Interrupt Inputs 



User interface connector pin 2 (INH*) can be jumpered to MCSYNC*, STATUS 0*, STATUS 1*, 
or another user supplied signal to provide at least one edge transition in each memory' 
cycle to trigger the NMIRQ* or other edge sens i tve input and prevent loss of requests. 

Card Front Interrupt Inputs 

Cards such as Pro-Log's 7801 (8085A-based) processor provide interrupt request 
inputs (in addition to INTRQ* and NMIRQ*)which are available at the card front. 
Opening jumper N will prevent the 7320 from driving INTRQ*. Jl R in kO 
then supplies the INT* signal. Note that the 7801 7.5 interrupt is edge and level 
sensitive, while the 6.5 and 5-5 interrupts are level sensitive. 

Vector PROM Addressing 
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